Observations of the Movements of the Heart by means of
Electrocardiograms.
Introduced by W. EINTHOVEN, M.D. (Leyden).
PROFESSOR EINTHOVEN said he would like to discuss the question whether it was possible to judge of the strength of a heart contraction by means of the electrocardiogram. The muscle contraction is quite a different thing from the action current of the muscle; the former is a mechanical act, a shortening of the muscle-fibres, whereas the action current is an electrical phenomenon. The phenomena are connected with each other, but, generally speaking, it is not feasible to measure the strength of a contraction by the strength of the action current produced. Nevertheless, we may in many cases obtain valuable information as to the strength of the systole by means of the electrocardiogram.
The magnitude of the pulse is often a misleading measure of the strength of the ventricular systole, for the pulse is influenced not only by the strength of the ventricular contraction, but also by the bloodpressure in the aorta and by the amount of blood present in the ventricular chambers of the heart at the moment the systole begins. On the other hand, if one examines the same person under similar conditions and observes the production of two electrocardiograms, the form as well as the absolute dimensions of which are fully equal, one has no reason to suppose that the systole which produces the first curve is. different from the systole which produces the second one.
So if one observes two different pulses corresponding to two equal electrocardiograms one may generally conclude that the heart's action has been equal, and that a change in the other conditions of the circulation has taken place: either the arterial blood-pressure or the blood-content of the heart, or both conditions together, must have changed.
Dr. Einthoven showed a number of electrocardiograms to support this assertion. In the first series of curves he showed some atypical premature electrocardiograms. They all had practically the same form and dimensions, but they corresponded to a large arterial pulse when they were but little premature, whereas they corresponded to no pulse whatever, or to a negative one, when they came much too early, due to the fact that there had been no time to fill the ventricular chambers with blood from the auricles.
The marked influence which a preceding auricular contraction exerts upon the magnitude of the pulse was shown in a second series of curves. With a preceding auricular contraction the pulse was large, without it the pulse was much smaller. The electrocardiogram gave evidence of the fact that the ventricular contraction was equal in both cases.
A third series of photograms dealt with the continuously irregular pulse of auricular fibrillation. Here again the electrocardiogram proved that the differences in the magnitude of the pulse were not caused by variations in the ventricular action, but by the irregularities of the auricles.
Dr. Einthoven next discussed the causes of pulsus alternans and of bigeminy. By means of the electrocardiogram it could be shown that the changes in the pulses were mainly due to changes in blood-pressure, to changes in the duration of the diastole, and to a weakened heart muscle in general, whereas the strength of the heart contractions did not, or practically did not, alternate.
Dr. Einthoven then demonstrated five curves from a remarkable patient, who had an injury of the right branch of the auriculo-ventricular bundle, combined with auricular fibrillation. In paroxysms of tachycardia the patient had 250 heart-beats per minute. At the same time the pulse-rate was comparatively infrequent. Many of the heart-beats, as shown by the electrocardiogram, did not produce a pulse. The absence of the pulse was to be explained in this case not so much by a decrease in the strength of the ventricular systole as by the lack of filling of the ventricles with blood.
In conclusion, four photograms were shown exhibiting the results of a series of experiments on dogs. Four curves were displayed on each photogram: (1) The intraventricular pressure curve; (2) the sphygmogram of the femoral artery; (3) the electrocardiogram, and (4) the venous pulse with the well-known a, c and v waves of Mackenzie. By means of aconitine a pulsus alternans was produced in the animal. The sphygmogram of the femoral artery showed the alternation very strikingly, so that every second pulse almost entirely disappeared. Nevertheless, the electrocardiograms retained about the same form and dimensions. The intraventricular pressure curve also gave evidence of about equal force in the ventricular contractions, and thus was in accordance with the electrocardiogram. A slight difference in the intraventricular pressure was obviously sufficient to produce a great difference in the magnitude of the pulse. If in the first heart-beat the pressure in the left ventricle was a little higher than the pressure in the aorta, the pulse was large; if in the second heart-beat the intraventricular pressure was only a very little lower than the blood-pressure, there was no pulse at all produced.
The last photogram showed premature heart contractions in the dog. The intraventricular pressure curve was no longer in accordance with the electrocardiograms. If the heart-beat was much too early the intraventricular pressure curve showed hardly any rise, whereas the electrocardiographic curve showed large peaks. Dr. Einthoven explained this phenomenon by pointing out that there is a difference between the relaxation and the lengthening of a muscle-fibre. When an ordinary systole has finished the fibres of the heart musculature relax, and the intraventricular pressure is reduced to zero. But before there has been time to permit of perceptible lengthening of the fibres after their relaxation the second heart-beat sets in. If the same maximum of shortening of the fibres is now not reached as in the first systole, there cannot be produced a new wave in the intraventricular pressure curve. Under these special conditions the force. produced by the heart contraction is even better judged of by means of the electrocardiogram than by means of the intraventricular pressure curve.
Many of the curves shown were recorded by his pupils.
Dr. FLORENCE BUCHANAN dealt with the experimental aspect of the subject and showed, by means of electrocardiograms, the dissociation of the auricles and ventricles in hibernating animals. The instrument with which they had been taken differed from that of
